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(54) PURE WATER MANUFACTURING DEVICE FOR PHOSPHORIC ACID TYPE FUEL 
CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably treat the 
recovered water of a phosphoric type fuel cell with high 
efficiency for a long period without cooling it. 
SOLUTION: The recovered water is treated in order of 
an aeration device (decarbonater 1) a solid-liquid 
separating device (microfilter 2) -* a deoxidation device 3 
-* a membrane separating device 4 -» an ion exchange 
device (heat resisting CDI 5). Removal of carbon dioxide 
and precipitation of Fe(OH)3 by Fe2+ oxidation by air 
are performed in the aeration device. Removal of Fe 
(OH)3 is performed in the solid-liquid separating device, 
and oxygen removal is performed in the deoxidation 
device. Desalinization and iron removal are performed in 
the membrane separating device to reduce the load of 

the ion exchange device. Residual ions are removed in the ion exchange device to improve 
the water to a quality necessary for phosphoric acid type fuel cell. Since carbon dioxide, iron 
ion and oxygen are removed from the water supplied to the membrane separating device and 
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the ion exchange device, the deterioration with the lapse of time of a separating membrane or 
ion exchange resin is prevented. 
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CLAIMS 



[Claim(s)] 

[Claim l] The water purifying apparatus for phosphoric acid fuel cells characterized by 
connecting an aerator, a solid-liquid separator, deactivator, a membrane separation device, 
and an ion exchange unit to this order. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the water purifying apparatus for 
phosphoric acid fuel cells, processes the hot wastewater especially discharged from a 
phosphoric acid fuel cell, manufactures pure water, and relates to the water purifying 
apparatus for feeding into the cell concerned. 
[0002] 

[Description of the Prior Art] A phosphoric acid fuel cell generates electricity in response to 
the air and the electrochemistry target which introduced into the fuel electrode of a fuel 
cell the fuel gas which makes a subject the hydrogen gas obtained by refining which makes 
a steam act on fuels, such as methane and natural gas, and were introduced into the air 
pole. 

[0003] From such a phosphoric acid fuel cell, the fuel system water of condensation 
generated in the case of fuel refining, the water of condensation of the exhaust gas 
discharged from a fuel electrode and an air pole, and the blow water from a cell cooling 
water subsystem are discharged. With the water purifying apparatus, ion exchange 
treatment of these exhaust water is carried out, and it is reused as cooling water of the cell 
concerned. 

[0004] The water purifying apparatus for carrying out recovery reuse of the wastewater of 
a phosphoric acid fuel cell conventionally once cools at 35 degrees C or less, and carries out 
ion exchange treatment of the hot wastewater discharged from a phosphoric acid fuel cell 
with the ion exchange resin of a playback mold or the mold non-reproducing [ on-site ]. 
[0005] 
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[Problem(s) to be Solved by the Invention] In the above-mentioned conventional water 
purifying apparatus, if water is supplied to a direct ion exchange unit, metals, such as iron 
contained in this recycled water, will act as a catalyst, and ion exchange resin will carry 
out oxidation degradation of the hot phosphoric acid fuel cell wastewater ("recycled water" 
is called below.) by this underwater dissolved oxygen. 

[0006] Namely, into the water of condensation of a phosphoric acid fuel cell, as for 
penetration and pH of the water of condensation, a lot of carbon dioxide gas is low. For this 
reason, the water of condensation low [ this / pH ] is contacted as piping construction 
material is carbon steel, the corrosion of piping progresses, and iron, chromium, etc. are 
eluted so much. Although it is fewer than the case of carbon steel even if it is the case 
where piping construction material is stainless steel, iron elution occurs with time because 
of severe water flow conditions. 

[0007] A deer is carried out, by the catalysis of the metals eluted from piping in this way, 
the oxidation degradation of ion exchange resin happens and the processing engine 
performance falls. 

[0008] For this reason, in the former, in order to reduce the oxidation degradation of ion 
exchange resin, once it cools the recycled water of a phosphoric acid fuel cell, water is 
supplied to the ion exchange unit like the above-mentioned. 

[0009] however, for cooling of the recycled water of a phosphoric acid fuel cell, large-sized 
cooling equipment is required, and cooling water is required etc. - it was 
disadvantageous in respect of facility cost, processing cost, equipment installation area, etc. 
[0010] It aims at offering the water purifying apparatus for phosphoric acid fuel cells 
which can be processed with stability and a well head for a long period of time, without this 
invention's solving the above-mentioned conventional trouble, and cooling the recycled 
water of a phosphoric acid fuel cell. 
[0011] 

[Means for Solving the Problem] The water purifying apparatus for phosphoric acid fuel 
cells of this invention is characterized by connecting an aerator, a solid-liquid separator, 
deactivator, a membrane separation device, and an ion exchange unit to this order. 
[0012] In the water purifying apparatus for phosphoric acid fuel cells of this invention, the 
carbon dioxide gas contained in recycled water by the aerator is removed first. Thereby, 
the ion load of the demarcation membrane of a latter membrane separation device or the 
ion exchange resin of an ion exchange unit is reduced. Moreover, it oxidizes to trivalent, 
and as Fe (OH)3, it deposits and the divalent iron ion in recycled water becomes easy to 
precipitate by the entrainment of air. 

[0013] Fe3 which deposited with the aerator in the solid-liquid separator of the latter part 
of an aerator (OH) It removes. 

[0014] The oxygen which melted with the aerator is removed in the deactivator of the latter 
part of a solid-liquid separator. 

[0015] In the membrane separation device of the latter part of deactivator, the iron of the 
shape of demineralization and the shape of ion, and an SS is removed, and the load of a 



2/6 



Japanese Publication number : 09-092315 A 



latter ion exchange unit is mitigated. 

[0016] In the ion exchange unit of the latter part of a membrane separation device, the 
little ion which remain in addition is removed and even water quality required for a 
phosphoric acid fuel cell is raised. 

[0017] Thus, if it is in the water purifying apparatus for phosphoric acid fuel cells of this 
invention, feed water of a membrane separation device thru/or feed water of an ion 
exchange unit can be processed by being efficient over a long period of time, without 
preventing degradation of the demarcation membrane of a membrane separation device 
and the ion exchange resin of an ion exchange unit with the passage of time, and cooling 
the recycled water of a phosphoric acid fuel cell, since it becomes what removed oxygen 
beforehand. 
[0018] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained with 
reference to a drawing. 

[0019] Drawing 1 is the schematic diagram showing one example of the water purifying 
apparatus of this invention. 

[0020] the water purifying apparatus for phosphoric acid fuel cells of this example - the 
deoxidation as the decarbonator 1 as an aerator, the microfilter 2 as a solid-liquid 
separator, and deactivator — sequential communication of the non-reproducing mold ion 
exchange unit (electrodialyzer) loaded with the heat-resistant mold CDI5, i.e., the ion 
exchange membrane, and ion exchange resin as the heat-resistant membrane separation 
device 4 and ion exchange unit as a column 3 and a membrane separation device is carried 
out. 11-17 are piping. 

[0021] Although CDI does not illustrate, it is the electrodialyzer with which arranges two 
or more anion exchange film and cation exchange membrane by turns, and comes to form a 
concentration room and a dilution room by turns in detail, and an anion exchange resin 
and cation exchange resin are mixed by said dilution room, and it is filled up. While 
processed water is introduced from the end of a dilution room and is discharged from the 
other end, processed underwater ion reacts with ion exchange resin, moves in the potential 
gradient direction which crosses a concentration room and a dilution room in the inside of 
resin, crosses ion exchange membrane further, and moves, neutralization of a charge is 
maintained in all **, and ion concentration will decrease at a dilution room and will be 
condensed at a concentration room, for this reason " while deionized water is collected 
from a dilution room - the usual ion exchange -* a regenerant is unnecessary like a column. 
[0022] It feeds into decarbonator 1 from piping 11 as it is, without cooling the recycled 
water of a phosphoric acid fuel cell first in the water purifying apparatus for phosphoric 
acid fuel cells of this example, by the entrainment of air, while removing carbon dioxide 
gas, Fe2+ ion is oxidized to Fe3+ ion, and it is Fe (OH)3. It is made to deposit by carrying 
out. 

[0023] The effluent of decarbonator 1 is Fe (OH)3 which fed and deposited from piping 12 
subsequently to a microfilter 2. It removes. 
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[0024] the effluent of a microfilter 2 - further - piping 13 deoxidation it feeds into a 
column 3 and dissolved oxygen is removed. 

[0025] deoxidation - the effluent of a column 3 is fed into the heat-resistant membrane 
separation device 4, and removes the iron of the shape of demineralization, the shape of ion, 
and an SS from piping 14. 

[0026] The retentate of a membrane separation device 4 is discharged out of a system from 
piping 15, and permeated water is fed into the heat-resistant mold CDI5 from piping 16. In 
the heat-resistant mold CDI5, remove to altitude the little ion which remain in addition in 
the permeated water of the heat-resistant membrane separation device 4, and it is made to 
improve to water quality required for a phosphoric acid fuel cell, and discharges from 
piping 17 by using the pure water of a high grade as treated water. The obtained pure 
water is reused as service water of a phosphoric acid fuel cell. 

[0027] In the water purifying apparatus for phosphoric acid fuel cells of this invention, a 
vacuum degasifier besides the decarbonator by the air entrainment etc. can be used as an 
aerator. As a solid-liquid separator, heat-resistant mold UF equipment besides a 
microfilter etc. can be used. Moreover, as deactivator, which deaerators, such as a vacuum 
deairing, film deaeration, nitrogen deaeration, and catalyst resin deaeration, may be used, 
and it is desirable to make the inside of a system into the super-low oxygen condition of 0.1 
ppm or less of dissolved oxygen with such deactivator in respect of degradation prevention 
of the demarcation membrane of a latter membrane separation device and the ion 
exchange resin of an ion exchange unit. 

[0028] Moreover, as a membrane separation device, a heat-resistant membrane separation 
device may be desirable, and any of RO (reverse osmotic membrane), UF (ultrafiltration 
membrane), and MF (micro filter) are sufficient as it as a demarcation membrane. 
Especially, if it is RO, in addition to clearance of SS-like iron, it is effective also in 
clearance of demineralization and ion-like iron. 

[0029] As an ion exchange unit, the usual mixed bed type ion exchange unit besides CDI 
can also be used. However, playback is unnecessary, continuation bottling water is possible, 
and since it excels also in ion-exchange ability, it is most advantageous to use CDI. 
[0030] Such a water purifying apparatus for phosphoric acid fuel cells of this invention is 
very effective in processing of recycled water with many (for example, 0.5 ppm or more) 
iron ion (Fe2+) contents at the elevated temperature (usually 35-90 degrees C) which 
collects the blow water of the fuel electrode water of condensation of a phosphoric acid fuel 
cell, the air pole water of condensation, and cell cooling water etc., and is acquired. 
[0031] The concrete example of an experiment and the example of comparative 
experiments are given to below, and this invention is explained more to a detail. 
[0032] Using the water purifying apparatus for phosphoric acid fuel cells shown in example 
of experiment 1 drawing 1 , it is FeC12 to tap water so that it may be set to 0.8 ppm as Fe2+. 
It poured in and processed by using as raw water the water warmed at 80 degrees C. 
[0033] in addition, deoxidation - RO was used as a demarcation membrane of a 
heat-resistant membrane separation device, using a vacuum degasifier as a column. 
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moreover, a heatproof ■- the ion exchange resin of CDI was used as the diamond ion SKIB 

and the mixed bed mold of this SA-10A (all are the Mitsubishi Chemical make). 

[0034] The result of having compared the amount of dissolved oxygen of feed water of a 

heat-resistant membrane separation device and the engine performance of the ion 

exchange resin one month after water flow with new ion exchange resin is shown in a table 

1. 

[0035] Except having omitted example of comparative experiments 1 vacuum degasifier, it 
carried out like the example 1 of an experiment, and the result of having compared the 
amount of dissolved oxygen of feed water of a heat-resistant membrane separation device 
and the engine performance of the ion exchange resin one month after water flow with new 
ion exchange resin was shown in a table 1. 

[0036] In the water purifying apparatus for phosphoric acid fuel cells of this invention, the 

degradation of ion exchange resin is not seen so that more clearly than a table 1. On the 

other hand, in the example 1 of comparative experiments with much dissolved oxygen, 

moisture content rose with cation exchange resin, and swelling by oxidation degradation 

was accepted. Moreover, exchange capacity lowering was accepted and, as for the anion 

exchange resin, performance degradation was seen for all. 

[0037] 

[A table l] 

[0038] 

[Effect of the Invention] According to the water purifying apparatus for phosphoric acid 
fuel cells of this invention, at an elevated temperature, without cooling the recycled water 
of a phosphoric acid fuel cell with comparatively many iron ion contents, the degradation 
by the oxidation degradation of the demarcation membrane of a membrane separation 
device or the ion exchange resin of an ion exchange unit is prevented, and it is supposed 
stability and by processing efficiently for a long period of time that it is possible to 
manufacture the pure water of a high grade as explained in full detail above. 
[0039] Thus, in this invention, it becomes reducible [ reduction of an initial cost and a 
running cost, and equipment installation area ], since the cooling equipment of recycled 
water is unnecessary, and is very advantageous industrially. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the schematic diagram showing one example of the water purifying 
apparatus for phosphoric acid fuel cells of this invention. 
[Description of Notations] 

1 Decarbonator 

2 Microfilter 

3 Deoxidation - Column 

4 Heat-resistant Membrane Separation Device 
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